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摘 要 在 N-乙基壳聚糖的甲酸溶液浇铸膜中观察到高分子少有的针状晶体.从球晶经后结晶得到的针状
晶体为长条矩形,典型尺寸为~ 50 m 2~ 5 m 1~ 2 m,高分子链平行于晶体长轴. 针状晶体首先出现在
球晶的核心处,继而出现在球晶微纤每个树枝状分叉处,最后才遍布球晶各处. 针状晶体可以看成是高分子伸
直链结晶的一种.浇铸膜吸潮实际上形成了超浓溶液(浓度> 80 wt% ) ,从而分子链可以运动而后结晶成针状
晶体.














, 主要采用 X光衍射技术, 提





























到全脱乙酰壳聚糖. 然后参考文献[ 16, 17]方法将
2 0 g 全脱乙酰壳聚糖溶于 200 mL15%乙酸水溶
液中, 加入过量乙醛(壳聚糖与醛的摩尔比为 1
10) ,室温搅拌反应 2 h. 产生的西佛碱进一步用
1 7 g NaBH4 (先配成 15%水溶液)于室温下还原
0 5 h.接着依次用乙醇、乙醚和蒸馏水洗涤, 40
真空干燥得白色粉末. N-乙基壳聚糖的化学结构
如图 1所示.根据反应机理和红外测定结果, 取代




Fig. 1 The schematic illustrat ion of





成为 35 wt%的浓溶液. 浓溶液在室温放置 1天后
分别在玻片上或 Teflon 片上浇铸成膜, 铸膜温度
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为25 ,相对湿度为 65%. 玻片上的浇铸膜用于
显微镜和电镜观察, 而 Teflon片上的浇铸膜剥离
下来后用于 X 光测定. 所用测试仪器为 Olympus
偏光显微镜(日本) ; Jeol JSM-6320F 扫描电镜 (日
本) ; Keyence VH-6300C 反射式显微镜 (日本)和
Rigaku Rin-t 2100 X光衍射仪(日本) .电镜样品预
先溅射 Pt(约 50 nm厚) ,为避免电子损伤, 电镜采















Fig. 2 POM photograph of spherulit es in N-ethyl chitosan-
formic acid solution cast f ilm
Fig. 3 POM photograph of needle- like






上针状晶体此时是成堆聚集的(图 5) . 图 5中的
箭头表明了原球晶中微纤的方向, 可见这些针状
晶体的聚集体基本上沿此方向排列.
Fig. 4 POM photograph showing the growth process of
needle-like crystals
a) Needle-like crystal aggregates appeared at the center of every
spherulite after 2 days from casting; b ) Needle-like crystal
aggregates can be observed at the dendritic joint s inside
spherulites after 5 days from casting
Fig. 5 Reflection optical microscope photograph of the needle-like
crystal aggregates grow ing on the surface of spherulites in film prepared
after 5 days from casting
针状晶体经过约 1周的生长后最终会布满整




可以达到 100多微多. 从图 6( b)中一根针状晶体
头部的细节可以看到, 所谓针状晶体实际上是扁
平的长矩形体, 典型的尺寸为~ 50 m 2~ 5 m
1~ 2 m. X光衍射图(图 7)上出现十多个锐利
衍射环,说明其结晶有序性很高.最内环所对应的
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晶面间距为1 08 nm,相当于 2个葡萄糖残基的长
度.证明了针状晶体是N-乙基壳聚糖的晶体而不
是其他小分子杂质的晶体.
Fig. 6 SEM photographs of needle-like crystals on the surface
of a spherulite of N-ethyl chitosan film prepared after 7 days
from casting
a) Needle-l ike crystals decorated a spherulite; b) Detail of the
sect ion of a needle-like crystal
Fig. 7 The X-ray diffraction pattern of the needle-l ike
crystals of N- ethyl chitosan ( working distance was 4 cm,






































水溶液为溶剂的超高浓度溶液(浓度> 80 wt%) .
由于在这种浓溶液下分子链仍可运动, 因而能先
形成球晶,并继而进一步后结晶成为针状晶体.
Table 1 The variation of actual concentration and crystalline morphology
of 35% N- ethyl chitosan-formic acid solution after casting in 25 and





0 h 35 0 No
1 h 62 4 No
2 h 72 6 No
3 h 75 5 No
4 h 77 3 No
5 h 79 2 No
6 h 80 0 No
24 h 82 4 Spherulites
2 d 84 8 Needle- like crystals appeared at the
center of spherulit es
5 d 87 9 Needle-l ike crystals appeared at both the
center and the dendrit ic joints of f ibrils of
spherulites
10 d 88 2
Needle-like crystals filled up all of the
spherulites
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Fig. 8 The microstructures of dendrit ic crystals consisted of
needle-like crystals, whichwere measured by ( a) POM and ( b) SEM
2 3 由针状晶体组成的 树枝晶
在N-乙基壳聚糖浇铸膜中有时并没有球晶,
却能观察到与合成高分子中偶尔出现的树枝晶非
常相似的形态(图 8a) . 但不同的是这种 树枝晶
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Abstract N-Ethyl chitosan ( NECS ) with degree of substitution 0 94 was prepared from chitosan and
acetaldehyde.The films of NECS were prepared via the solution casting technique using formic acid as solvent . The
crystalline structure and crystallization process were investigated by means of polarized optical microscopy, scanning
electron microscopy and X-ray diffraction. Thousands of needle- like crystals, which are seldom found in polymers,
were observed in NECS cast films after few days casting. The needle- like crystals were formed from spherulites
through a pso-t crystallization process. The shape of needle- like crystals was long rectangle with a typical size of
~ 50 m( length) 2~ 5 m(width) 1~ 2 m( height ) , and molecular chains are parallel to the long axis of the
needles. The neddle- like crystals were first found on the centers of the spherulites, and then on every joint of
dendritical fibrils of spherulites, at last on everywhere of spherulites. Generally speaking, the needle- like crystals
basically oriented at the direct ion of radius of spherulites( also the direction of molecular chains) and decorated the
sphrulites. The possibility of pos-t crystallization was explained by the results that the cast films became super-
concentrated solut ions( > 80%) after the adsorption of moisture because of the hydrophilic properties of NECS. The
remained solvent and absorbed water were used as plast icizers, which increase the mobility of polymer chains. The
dendritic crystals consisted of needle- like crystals were also found in the systems.
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